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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is related to the following co-pending applications: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
5 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 

1 0 3/1 0/2000, (6) U.S. patent application serial no. 09/5 12,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no.. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent ^plication serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 

1 5 4/26/2000, (10) PCT patent application serial no. PCT/USOO/1 8635, attorney docket 
no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 

20 attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 

application serial no. 60/1 59,039, attorney docket no. 2579 1 .36, filed on 10/1 2/1 999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional 

25 patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. 60/221,443, attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application 
serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. 
provisional patent application serial no. 60/233,638, attorney docket no. 25191 Al, 

30 filed on 9/1 8/2000, and (21) U.S. provisional patent application serial no. 
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60/237,334, filed on October 2, 2000. Applicants incorporate by reference the 
disclosures of these applications. 

Background of the fiivention 
This invention relates generally to wellbore casings, and in particular to 
5 wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed 
in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole. The borehole is drilled in intervals whereby a casing which is to be 
1 0 installed in a lower borehole interval is lowered through a previously installed 

casing of an upper borehole interval. As a consequence of this procedure the casing 
of the lower interval is of smaller diameter ttian the casing of the upper interval. 
Thus, the casings are in a nested arrangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between the outer surfaces of the 
1 5 casings and the borehole wall to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Such a large borehole diameter involves 
increased costs due to heavy casing handling equipment, large drill bits and 
increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling 
20 rig time is involved due to required cement pumping, cement hardening, required 
equipment changes due to large variations in hole diameters drilled in the course of 
the well, and the large volxmie of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores. 

. _ . - 

According to one aspect of the invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means 
for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radi5dly 
30 expanding a second portion of the tubular member to a second outside diameter. 



2 



DOCID: <GB 2399848A_I_> 



According to another 2ispect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first fluid passage, an expansion cone 
coupled to the tubular support member having a second fluid passage fluidicly 
5 coupled to the first fluid passage and an outer conical surface, a removable annular 
conical sleeve coupled to the outer conical surface of the expansion cone, an annular 
expansion cone launcher coupled to the conical sleeve and a lower portion of the 
tubular membCT, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. According to another aspect of the present invention, a 

1 0 method of plastically deforming and radially expanding a tubular member is 

provided that includes plastically deforming and radially expanding a portion of the 
tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. 
According to another aspect of the present invention, a method of coupling a 

1 5 first tubular member to a second tubular member is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially e?q>anding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of 

20 the first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

25 According to another aspect of the present invention, an apparatus for coupling 

a first tubular member to a second tubular member is provided that includes means 
for plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 

30 means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of tiie first tubular member, means for 
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plastically defommg and radiaUy expanding fte second tubular member to a ttinl 
outside dtameter, and means forplashoally defonning and nuJiaUy expanding the 
second mbular member to a fourth outside diameter. TT,e inside diameters of the 
first and second tubular member after the plastic defonnations and radial 
5 expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
fonmng a wellbore casing wiftin a wellbore is provided to includes means for 
supporting a tubular member within the weUbore. means forplastically defonning 
and radially expanding a first portion of the tubular member to a first outside 
10 diameter, and means for plasticaUy deforming and radially expanding a second 
pomon of tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for 
formmg a weUbore casing within a weUbore is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
tabular support member having a second fluid passage fluidicly coupl«J to 4e firs, 
flmd passage and an outer conical surfece, a removable annular corneal sleeve 
coupled to d,e outer conical surface of the expansion cone, an annular expansion 
cone launcher co^ed to the conical sleeve and a lower portion of the mbular 
member, and a shoe having a valveable passage coupled to an end of flie expansion 
20 cone launcher. 

According to another aspect of the present invention, a method of fonning a 
wellbore casing within a wellbore is provided that includes supporting a tubular 
member Within a wellbore. plastically defonning andradially expanding a portion of 
*^-^b-'--n*ertoafirstoutsidediameter.andplasticallydefornn^^ 

diameter. 

According to another aspect of the present invention, a method of fonning a 
mono-diameter wellbore casing within a weUbore is provided diat includes 
supportmg a Sn, mbular member wiflnn the wellbore. plasticaUy deforming and 

30 "draUyexpandingafirstportionofthefirsthrbularmembertoafirstout^de 

drameter. plasticaUy deforming and radially expanding anoa«r portion of the fim 
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tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member ia overlapping relation to the first portion of 
the first tubular member, plastically defonning and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
5 expanding the second tubular member to a fourth outside diameter. The inside 

diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means 
1 0 for plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforaung and radially 
expanding another portion of the first tubular member to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, means for 
1 5 plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and means for plastically deforming and radially expanding fee 
second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 
20 AccordiDg to another aspect of the present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
includes means for providing a lipped portion in a portion of the tubular member, 
and means for plastically deforming and radially expanding another portion of the 
tubular member. 

25 According to another aspect of the present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first fluid passage, an expansion cone 
coupled to the tubular support member having a second fluid passage fluidicly 
coupled to the first fluid passage and an outer conical surface, an annular expansion 

30 cone launcher including: a first aimular portion coupled to a lower portion of the 
tubular member, a second annular portion coiqjled to the first annular portion that 

5 
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mates with the outer conical surface of tiie expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 
5 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular menaber is provided that includes 
providing a lipped portion in a portion of the tubular member, and plasticaUy 
1 0 deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular menaber to a second tubular member is provided that includes providing 
a lipped portion in a portion of the first tubular member, plastically deforming and 
radially expanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and plastically deforming and radially 
expanding the second tubular member. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention, an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
includes means for providing a Upped in the first tubular member, means for 
plastically deforming and radiaUy expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular 

means for plastically deforming and radially expanding the second tubular meniber. 
The inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
30 forming a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular member within Uie wellbore, means for providing a Iqjped 

6 
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portion in the tubular member, and means for plastically deforming and radially 
expanding anotiier portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes a tubular 
5 support member including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of die tubular number, a 
second annular portion coupled to fee first annular portion that mates wifli the outer 

1 0 conical surfece of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled 
to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the e^ansion cone launcher. 

1 5 According to another aspect of the present invention, a method of forming a 

wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, 
and plastically deforming and radially e:q>anding another portion of the tubular 
member. 

20 According to another aspect of the present invention, a method of forming a 

mono-diameter wellbore casing within a wellbore is provided that includes 
supporting a first tubular member within the wellbore, providing a lipped portion in 
a portion of the first tubular member, plastically deforming and radially expanding 
another portion of the first tubular member, positioning the second tubular member 

25 inside the first tubular member in overlapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
30 forming a mono-diameter wellbore casing within a wellbore is provided Aat 
includes means for providing a lipped in the first tubular member, means for 

7 
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plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plastically deforming and radiaUy expanding the second tubular member. 
The inside diameters of tiie first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatiis for 
plastically deforming and radially expanding a tiibular member is provided that 
includes means for plastically deforming and radially expanding a first end of flie 
tixbular member, and means for plastically deforming and radially expanding a 
second end of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first passage, an expansion cone 
coupled to the tubular support having a second passage fluidicly coupled to the first 
passage and an outer conical surface, an annular expansion cone launcher movably 
coupled to outer conical surface of the expansion cone, an e>q)andable tiibular 
member coupled to an end of the annular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fluid 
passage, and another annular expansion cone movably coupled to the tiibular support 
member. The annular expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tiibular member is provided that includes 
plasticaUy deforming and radiaUy expanding a first end of the tiibular member, and 

According to another aspect of the present invention, a metiiod of coupling a 
first tiibular member to a second tiibular member is provided that includes 
positioning the second tiibular member inside the first tiibular member in an 
overlapping relationship, plastically deforming and radiaUy expanding the end of the 
30 second tiibular member that overlaps witii tiie first tiibular member, and plasticaUy 
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deforming and radially expanding the remaining portion of the second tubular 
member. ' 

According to another aspect of flie present invention, an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
5 includes means for positioning the second tubular member inside flie first tubular 
member in an overlapping relationship, means for plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, and means for plastically deforming and radiaUy expanding the remaining 
portion of the second tubular member. 
1 0 According to another aspect of the present invention, an apparatus for 

forming a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular member within the wellbore, means for plastically deforming 
and radially expanding a first end of the tubular member, and means for plastically 
deforming and radially expanding a second end of the tubular member. 
1 5 According to another aspect of the present invention, an apparatus for 

forming a wellbore casing within a wellbore is provided that includes a tubular 
support member including a first passage, an expansion cone coupled to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer 
conical surface, an amular expansion cone laxmcher movably coupled to outer 
20 conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular support member. The 
annular expansion cones are positioned in opposite orientations. 
25 According to another aspect of the present invention, a method of forming a 

wellbore casing wifliin a wellbore is provided that includes plastically deforming 
and radially expanding a first end of the tubular member, and plastically deforming 
and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 
30 wellbore casing within a wellbore is provided that includes plastically deforming 
and radially expanding a first tubular member within the wellbore, positioning a 
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second tubular member inside the first tubular member in an overlapping 
relationship, plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, and plastically 
deforming and radially expanding the remaining portion of the second tubular 
5 member. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
plastically deforming and radially expanding a first tubular member within the 
wellbore, means for positioning the second tubular member inside the first tubular 
1 0 member in an overlapping relationship, means for plastically deforming and radially 
e5q)aDding the end of the second tubular member that overlaps with the first tubular 
manber, and means for plastically deforming and radially expanding the remaining 
portion of tiie second tubular member. 

According to another aspect of the present invention, an apparatus for 
1 5 bridging an axial gap between opposing pairs of wellbore casing within a wellbore is 
provided tiiat includes means for siq>porting a tubular member in ovo-l^ing 
relation to the opposing ends of the wellbore casings, means for plastically 
deforming and radially expanding the tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 
20 opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes supporting a tubular member m overljqsping relation to the opposing 
ends of the wellbore casings, plastically defonning and radially expanding the 

25 tubular irwmber. and nlastirallv Hftfnrmina art/I raHiitllv 0>Ynan/1mrr t\\a ^iKkIoi. 

member and the opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of forming a 
structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional 
30 tubular members onto the interior surface of the first tubular member until the 
desired strength characteristics are achieved. 
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According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically deforming and radially expanding a first tubular member 
within the wellbore, and plastically defomiing and radially expanding additional 
tubular members onto the interior surface of the first mbular member until the 
desired strength characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular membCT, the first tubular member having an 
original outside diameter ODq and an original wall thickness to, is provided that 
includes plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular memba- to a second outside diameta-, 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of flie first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal, and the ratio of the original outside diameter ODq of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing is provided that includes positioning a first tubular 
member within a wellbore, the first tubular member having an original outside 
diameter ODo and an original wall thickness t©, plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially 
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expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantiaUy equal, and the ratio of the original outside 
diameter ODo of the first tubular member to the original waU thickness to of the first 
5 tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radially expanded tubular member 
having a first portion having a first outside diameter and a remaining portion having 
a second outside diameter. The ratio of the original outside diameter ODo of the first 
1 0 tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

According to another aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radiaUy expanded first tubular 
member having a first portion having a first outside diameter and a remaining 
15 portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 



16. 



20 



25 



30 



According to another aspect of the present invention, a weUbore casing 
formed in a wellbore is provided that includes a plasticaUy deformed and radially 
expanded first tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter On„ of th« 
first tubular member to the original wall fliickness to of the first tubular member is 
greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radiaUy expanded tubular member. 
The ratio of the original outside diameter ODo of the tubular member to the original 
waU thickness to of the tubular member is greater than or equal to 16. 
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Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. Ic is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. Ic. 

Fig. le is a cross-sectional illustration of the pressurization of the region 
below the expansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 1 e. 

Fig. Ig is a cross-sectional illustration of fee continued pressurization of flie 
region below the expansion cone of the apparatus of Fig. If following the removal 
of the over-expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the con5)letion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. Ig. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of 
tiie wellbore below the apparatus of Fig. Ih. 

Fig. Ij is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of 
the other expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary 
radial expansion of the otiier expandable tubular member of Fig. Ik to form a mono- 
diameter wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 
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Fig. 2c is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 
5 Fig. 2e is a cross-sectional illustration of the pressurization of the region 

below the e^qjansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial 
1 0 expansion of the expandable tubular member of the apparatus of Fig, 2f 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of 
the wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
esqjandable tubular member that ovwlaps with the apparatus of Fig. 2h. 
15 Fig. 2j is a cross-sectional illustration of the secondary radial expansion of 

the other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary 
radial expansion of the other ejqDandable tubular member of Fig. 2j to form a mono- 
diameter wellbore casing. 
20 Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating 

the design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the 
over-expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an alternative embodiment of the 
25 apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion 
insert 

Fig- 5a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
30 wellbore casing in the wellbore of Fig. 5a. 
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Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional illustration of the inflation of the 

inflatable bladder of Fig. 5c. 
5 Fig. 5e is a cross-sectional illustration of the new section of weUbore casing 

of Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional Ulustration of the new section of wellbore casing 
of Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a mono-diameter 
1 0 wellbore casing that includes the new section of the wellbore casing and an 
additional section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 

1 5 wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a 
roller radial expansion device into the new section of the wellbore casing of Fig. 6b. 
Fig. 6d is a cross-sectional illustration of the new section of wellbore casmg 

of Fig. 6c after over-expansion. 
20 Fig. 6e is a cross-sectional illustration of the new section of wellbore casing 

of Fig. 6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 

wellbore casing that includes the new section of the wellbore casing and an 

additional section of weUbore casing. 
25 Fig. 7a is a cross sectional iUustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 
Fig. 7c is a cross-sectional illustration of the injection of fluidic materials 
30 through the ^paratus of Fig. 7b. 
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Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of the pressurization of the region 
below tilie expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of the drilling out of a new section of 
the wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial 
expansion of another expandable tubular member to form a mono-diameter wellbore 
casing. 

Fig. 8 a is cross- sectional illustration of an wellbore including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
sealing material tiirough the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d- 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 

Fig. 8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 

Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
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deform and radially expand the expansion cone launcher and expandable tubular 
member. 

Fig, 8i is a cross-sectional illustration of the conqjletion of the initial radial 
expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the further radial expansion of tiie 
apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and 
lower preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placemrat of a 
radial expansion device into the tubular meniber of Fig. 9b. 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the 
radial expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing 
that includes a plurality of layers of radially expanded tubular members along at 
least a portion of the its length. 

Fig. 1 la is a cross-sectional illustration of a wellbore including a casing 
formed by plastically deforming and radially expanding a first tubular member. 

Fig. 1 lb is a cross-sectional illustration of a wellbore iiicluding another 
casing coupled to the preexisting casing by plastically deforming and radially 
expanding a second tubular member. 

Fig. 1 Ic is a cross-sectional illustration of a mono-diameter wellbore casing 
formed by radially expanding the second tubular member a second time. 

Detailed Description 
Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, 
pipelines, or structural supports. Furthermore, while the present illustrative 
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embodiments are described with reference to the formation of mono-diameter 
wellbore casings, the teachings of the present disclosure have general application to 
the formation or repair of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore 
5 casing 15. The wellbore 10 may be oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 15 may be coupled to the upper 
portion of the wellbore 10 using any number of conventional methods. In a 
preferred embodiment, the wellbore casing 15 is coupled to the upper portion of the 
wellbore 10 using one or more of the methods and apparatus disclosed in one or 
1 0 more of the following: ( 1) U.S. patent application serial no. 09/454, 1 39, attomey 
docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 
09/510,913, attomey docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey docket no. 
15 2579 1 .9.02, filed on 1 1/1 5/1 999, (5) U. S. patent apphcation serial no. 09/523,460, 
attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
20 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, 
(11) U.S. provisional patent application serial no. 60/162,671, attomey docket no. 
25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent apphcation serial no. 
25 60/154.047. attomey docket no. 2579 1 . 29. fileH cm 9/1 fin 000 (n) T I R tw^^ncirtnal 
patent application serial no. 60/159,082, attomey docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent apphcation serial no. 60/159,039. attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

30 provisional patent application serial no. , attomey docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
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60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

5 provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 

another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 
1 0 Referring to Fig. 1 b, an apparatus 1 00 for radially expanding a tubular 

member may then be positioned within the wellbore 10. The apparatus 100 includes 
a tubular support member 105 defining a passage 1 10 for conveying fluidic 
materials. An expansion cone 1 15 defining a passage 120 and having an outer 
conical surface 125 for radially expanding tubular members is coupled to an end of 
15 the tubular support member 105. An annular conical over-expansion sleeve 130 
mates with and is removably coupled to the outer conical surface 125 of the 
expansion cone 115. In several alternative embodiments, the over-expansion sleeve 
130 is fabricated fi-om fi^gible materials such as, for example, ceramic materials, in 
order to facilitate the removal of the over-expansion sleeve during operation of the 
20 apparatus 1 00. In this manner, the amount of radial ejqjansion provided by die 
apparatus may be decreased following the removal of the over-expansion sleeve 
130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 115 and the over-expansion sleeve 130. The expansion cone 

25 launcher 135 include an upper portion having an iq>per outer diameter, an 

intemaediate portion that mates with the expansion cone 1 15 and the over-expansion 
sleeve 130, an a lower portion having a lower outer diameter. The lower outer 
diameter is greater than the upper outer diameter. A shoe 140 defining a valveable 
passage 145 is coupled to the lower portion of the expansion cone launcher 135. In 

30 a preferred embodiment, the valveable passage 1 45 may be controUably closed in 
order to fluidicly isolate a region 150 below the expansion cone 1 15 and bounded by 
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the lower portion of the expansion cone launcher 135 and the shoe 140 from the 
region outside of the apparatus 100. 

An expandable tubular member 1 55 is coiq)led to tie upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are 
5 coupled to the exterior of the upper portion of the expandable tubular member 155. 
In several alternative embodiments, the sealing members 160a and 160b may 
include elastomeric elements and/or metallic elements and/or composite elements. 
In several alternative embodiments, one or more anchoring elements may substituted 
for, or used in addition to, the sealing members 160a and 160b. 

In a preferred embodiment, the support member 105, the expansion cone 1 15, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member ' 
155 are provided substantiaUy as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510.913, attorney docket no. 
25791.7.02, filed on 2^3/2000, (3) U.S. patent appUcation serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent applicatiln smal 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 
3/10/2000. (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent appHcation serial no. 09/51 1,941. 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application ' 
serial no. 09/588,946. attorney docket no.' 25791.17.02. filed on 6/7/2000. (9) U.S. 
patent application serial no. 09/559.122, attorney docket no. 2579 1 .23.02,' filed on 
4/26/2000. (10) PCT patent application serial no. PCT/USOO/18635, attomey docket 

nn 9.S7Q1 7S 07, fil.^ nn 7/0/9000 (1,) TT S .^U..^^ 

no. 60/162.671. attomey docket no. 25791.27. filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154.047, attomey docket no. 25791 29 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159 082 ' 
attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent ' 
application serial no. 60/159.039, attomey docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent appUcation serial no. 60/159.033, attomey docket no. 
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2579137, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 

filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent ^plication serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by refermce. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 

apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 

are conveyed througji the apparatus 100 through flie passages 1 10, 120 and 145 to a 

location above the apparatus 100. In this manner, surge pressures during placement 
of the apparatus 100 within the wellbore 10 are reduced In a preferred embodiment, 
flie apparatus 100 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 155 overlaps with the preexisting casing 15. In this 
manner, the upper portion of the expandable tubular member 155 may be radially 
expanded into contact with and coupled to the preexisting casing 15. As will be 
recognized by persons having ordinary skill in the art, the precise initial position of 
the expandable tubular member 155 will vary as a function of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected through 
the apparatus 100 through the passages 1 10, 120, and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then 
be injected through the apparatus 100 through the passages 1 10, 120 and 145 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone laxmcher 135 and expandable tubular member 
155. The hardenable fluidic sealing material may include, for GxamplQ, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 175 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 175 is conqjressible, before, during and/or after, 
the curing process. 

5 As illustrated in Fig. 1 e, a non-hardenable fluidic material 1 80 may then be 

injected into the apparatus through the passages 1 10 and 120. A baU plug 185, or 
other similar device, may then be injected with the fluidic material 1 80 to thereby 
seal off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the apparatus 100. 
1 0 As illustrated in Fig. 1 f, the continued injection of the fluidic material 1 80 

into the apparatus 100 causes the expansion cone launcher 135 and expandable 
tubular member 155 to be plastically deformed and radially expanded off of the 
over-expansion sleeve 130. In this manner, the expansion cone 1 15 and over- 
expansion sleeve 130 are displaced relative to the expansion cone launcher 135 and 
1 5 ejcpandable tubular member 1 55 in the axial direction. 

After a predetermined time period and/or after a predetermined axial 
displacement of the expansion cone 1 15 relative to the expansion cone launcher 135 
and expandable tubular member 155, the over-expansion sleeve 130 may be 
removed from the outer conical surface 125 of the expansion cone 1 15 by the 
20 appUcation of a predetermined upward shock load to the support member 1 05. In a 
preferred embodiment, the shock load causes the frangible over-expansion sleeve 
130 to fracture into small pieces that are then forced off of the outer conical surface 
125 of the expansion cone 1 15 by the continued pressurization of the region 150. In 
a preferred embodiment, the pieces of the over-expansion sleeve 130 are pulverized 
25 into grains of material by the continued pressurization of the region 1 50. 

Referring to Fig. Ig, following the removal of the frangiTjle over-expansion 
sleeve 130, the continued pressurization of the region 150 causes the expandable 
tubular member 155 to be plastically deformed and radially expanded and extruded 
off of the outer conical surfece 125 of the expansion cone 1 15. Note that the amount 
of radial expansion provided by the outer conical surfece 125 of expansion cone 1 15 
is less than the amount of radial expansion provided by the combination of the over- 
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expansion sleeve 130 and the expansion cone 1 15. In this manner, as illustrated in 
Fig. Ih, a recess 185 is formed in the radially expanded tubular member 155. 

After completing the plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby 
5 form an annular body 1 90 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
10 to the bottom portion of the plastically deformed and radially expanded tubular 
member 155. 

Referring to Fig. Ij, a tubular member 200 may tiien be plastically deformed 
and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
1 5 radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 1 85 of the tubular member 155. In a preferred embodiment, one or more 
sealing members 205 are coupled to the exterior surface of flie upper portion of the 
tubular member 200. In a preferred embodiment, the sealing menibers 205 seal the 
interface between the upper portion of the tubular member 200 and the recessed 
20 portion 185 of the tubular member 155. In several alternative embodiments, the 
sealing members 205 may include elastomeric elements and/or metallic elements 
and/or composite elements. In several alternative embodiments, one or more 
anchoring elements may substituted for, or used in addition to, the sealing members 
205. In a preferred embodiment, an annular body 210 of a hardenable fluidic sealing 
25 material is also formed around the tubular member 200 using one or more 
conventional methods. 

In a preferred embodiment, tiie tubular member 200 is plastically deformed 
and radially expanded, and the annular body 2 1 0 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial 
30 no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 

23 

■KSDOaO: <GB 2399S4BA_I_> 



2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, 
attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. 
5 patent application serial no. 09/5 12,895, attorney docket no. 2579 1 . 12.02, filed on 
2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
1 0 patent application serial no. PCT/USOO/1 8635, attorney docket no. 2579 1 .25.02, 
filed on 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, 
attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent 
application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patait application serial no, 60/159,082, attorney docket no. 
15 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

. attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

20 provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

. attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent appUcation serial no. 

. attomev docket no. 25791.47. filed on 9/1 8/2000. the di!sclo.<?ures 
of which are incorporated herein by reference. 

In an alternative ranbodiment, the annular body 210 may be omitted. In 
several alternative embodiments, the annular body 210 may be radially confessed 
before, during and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a 
downward direction by fluid pressure and/or by a support member 220 to plastically 
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deform and radially expand the tubular member 200 such that the interior diameter 
of the tubular members 155 and 200 are substantially equal. In this manner, as 
illustrated in Fig. 11, a mono-diameter wellbore casing may be formed. In a 
preferred embodiment, during the displacement of the expansion cone 2 15 in the 
5 downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 220a defined within the support member 
220. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 
10 10. The apparatus 300 includes a tubular support member 305 defining a passage 
3 1 0 for conveying fluidic materials. An expansion cone 315 defining a passage 320 
and having an outer conical surface 325 for radially expanding tubular members is 
coupled to an end of the tubular support member 305. An annular conical over- 
expansion insert 330 mates with and is removably coupled to the outer conical 
1 5 surface 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supjported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone 
launcher 335 includes an upper portion having an upper outer diameter, an 
intermediate portion that mates with the expansion cone 315 and the over-expansion 
20 insert 330, an a lower portion having a lower outer diameter. The lower outer 

diameter is greater than the upper outer diameter. A shoe 340 defining a valveable 
passage 345 is coupled to the lower portion of the expansion cone launcher 335. In 
a preferred embodiment, the valveable passage 345 may be controUably closed in 
order to fluidicly isolate a region 350 below the expansion cone 3 1 5 and bounded by 
25 the lower portion of flie expansion cone launcher 335 and the shoe 340 fi-om the 
region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d 
that are positioned between the outer conical surface 325 of the expansion cone 315 
30 and the iimer surface of the intermediate portion of the expansion cone launcher 335. 
In this maimer, tiie relative axial displacement of the expansion cone 3 1 5 and the 
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expansion cone launcher 335 will cause the expansion cone to over-expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess may 
be formed in the radially expanded expansion cone launcher 335. In several 
alternative embodiments, the inserts 330a, 330b, 330c, and 330d fall out of the 
5 recess and/or are removed from the recess using a conventional retrieval tool upon 
the completion of the radial expansion process. 

In an altemative embodiment, as illustrated in Fig. 3 a, the over expansion 
insert 330 further includes intermediate resilient members 331a, 331b, 331c, and 
33 Id for resiliently coupling the inserts 330a, 330b, 330c, and 330d In this manner, 

1 0 upon the completion of the radial expansion process, the resilient force exerted by 
the resilient members 331 causes the over-expansion insert to collapse in the radial 
direction and thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 

1 5 coupled to the exterior of the upper portion of the expandable tubular member 355. 
In several altemative embodiments, the sealing members 360a and 360b may 
include elastomeric elements and/or metallic elements and/or conqjosite elements. 
In several altemative embodiments, one or more anchoring elements may substituted 
for, or used in addition to, the sealing members 360a and 360b. 

20 In a preferred embodiment, the support member 305, the expansion cone 315, 

the expansion cone laimcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,1 39, attorney docket no. 25791 .03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 

25 25791.7.02. filed on 2/23/2000 n\ TT S patent ;»nn1irj4tinn crHs*! OO/Sn? '^<;n 

attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1 .02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
30 2579 1 . 12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/5 1 1 ,94 1 , 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
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serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 
no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial 
5 no. 60/162,671, attorney docket no. 25791 .27, filed on 1 1/1/1999, (12) U.S. 

provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
1 0 (15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

1 5 , attorney docket no. 2579 1 .45, filed on 7/28/2000, (1 9) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

20 As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 

apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 
are conveyed through the apparatus 300 through the passages 3 1 0, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a prefCTred embodiment, 

25 the apparatus 300 is initially positioned within the wellbore 10 such that the top 
portion of the tubular membCT 355 overlaps with tiie preexisting casing 15. hi this 
manner, the upper portion of the expandable tubular member 355 may be radially 
expanded into contact with and coupled to the preexisting casing 15. As will be 
recognized by persons having ordinary skill in the art, the precise initial position of 

30 the expandable tubular member 355 will vary as a function of the amount of radial 
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expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through 
the apparatus 300 throu^ the passages 3 1 0, 320, and 345 in order to test the proper 
5 operation of these passages. 

As iUustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then 
be injected through the apparatus 300 through the passages 310, 320 and 345 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 maybe formed around the 

10 radially expanded expansion cone launcher 335 and expandable tubular member 
355. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 375 maybe omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 375 is compressible, before, during and/or after, 

1 5 fee curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 
injected into the apparatus through the passages 3 10 and 320. A baU plug 385, or 
other similar device, may then be injected with the fluidic material 380 to thereby 
seal off the passage 345. hi this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 
into the apparatus 300 causes the expansion cone launcher 335 to be plastically 
deformed and radially expanded off of the over-expansion insert 330. In this 
manner, the expansion cone 315 is displaced relative to the expansion cone launcher 

Once the radial expansion process has progressed beyond the over^xpansion 
insert 330. the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 3 15 is less than the amount of radial 
expansion provided by the combination of the over-expansion insert 330 and the 
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expansion cone 315. In this manner, as illustrated in Fig. 2g, a recess 390 is formed 
in the radially expanded tubular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. 
5 In an alternative embodiment, the resilient force provided by the resilient members 
331a, 33 lb, 33 Ic, and 33 Id cause the insert 330 to collapse in the radial direction 
and thereby fall out of the recess 390. In an alternative embodiment, as illustrated in 
Fig. 4, one or more resilient hooks 395a and 395b are coupled to the bottom of tibe 
expansion cone 3 15 for retrieving the over-expansion insert 330 during or after the 
1 0 completion of the radial expansion process. 

After completing the plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cxire to thereby 
form an aimular body 400 that provides a barrier to fluid flow into or out of the 
wellborelO. 

15 Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 1 0 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially oqianded tubular 
member 355. 

20 Referring to Fig. 2i, a tubular member 405 may then be plastically deformed 

and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 405 overlaps with and mates with the recessed 
portion 390 of the tubular member 355. In a preferred embodiment, one or more 

25 sealing members 410 are coupled to the exterior surface of flie iq>per portion of tihe 
tubular member 405. In a preferred embodiment, the sealing members 410 seal the 
interface between flie upper portion of the tubular member 405 and the recessed 
portion 390 of the tubular member 355. In several alternative embodiments, the 
sealing members 410 may include elastomeric elements and/or metalKc elements 

30 and/or composite elements. In several alternative embodiments, one or more 

anchoring elements may substituted for, or used in addition to, the sealing members 
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410. In a preferred embodiment, an annular body 415 of a hardenable fluidic sealing 
material is also formed around the tubular member 405 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 405 is plastically deformed 
5 and radiaUy expanded, and the annular body 415 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent appHcation serial 
no. 09/454.139. attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
appUcation serial no. 09/510,913, attorney docket no. 25791.7.02. filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
3 25791 .8.02, filed on 2/10/2000, (4) US. patent application serial no. 09/440,338. 
attorney docket no. 25791.9.02, filed on 1 1/15/1999. (5) US. patent application ' 
serial no. 09/523.460. attorney docket no. 25791.1 1.02. filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895. attorney docket no. 25791.12.02, filed on 
2/24/2000. (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) US. patent application serial no. 09/588.946 
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent appUcation semi 
no. 09/559,122. attorney docket no. 25791.23.02, filed on 4/26/2000. (10) PCT 
patent application serial no. PCT/USOO/18635. attomey docket no. 25791.25 02 
filed on 7/9/2000. (1 1) US. provisional patent application serial no. 60/162.671.' 
attomey docket no. 25791.27. filed on 1 1/1/1999, (12) U.S. provisional patent ' 
application serial no. 60/154,047. attomey docket no. 25791.29, filed on 9/16/1999, 
(13) US. provisional patent application serial no. 60/159,082. attomey docket no ' 
25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial no. 
60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attomey docket no. 25791 37 
filedon 10/12/1999, (16) US. provisional patent applicationserialno. 

, attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent ^pUcation serial no. 60/165,228, attomey docket no. 25791 39 
filed on 1 1/12/1999. (18) US. provisional patent application serial no. 

, attomey docket no. 25791.45, filed on 7/28/2000, (19) U S 

provisional patent application serial no. , attorney dlcket no. 
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25791.46, filed on 7/28/2000, and (20) U.S. provisional patent appUcation serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In 
5 sevCTal alternative embodiments, the annular body 4 1 5 may be radially conpressed 
before, during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a 
downward direction by fluid pressure and/or by a support member 425 to plastically 
deform and radially expand the tubular member 405 such that the interior diameter 
10 of the tubular members 355 and 405 are substantially equal. In this manner, as 
illustrated in Fig. 2k, a mono-diameter wellbore casing may be formed. In a 
preferred embodimrat, during the displacement of the expansion cone 420 in the 
downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an intemal passage 425a defined within the support member 
15 425. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic seabng material 510 may also 
20 be formed around the tubular mtmber 500 using any number of conventional 
methods. In a preferred embodiment, the tubular member 500 is plastically 
deformed and radially expanded and the annular body 510 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following: (1) 
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed 
25 on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attomey docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attomey docket no. 25791.8,02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attomey docket no. 25791.1 1.02, filed on 
30 3/10/2000, (6) U.S. patent apphcation serial no. 09/5 12,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
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attorney docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application 
senal no. 09/588,946. attorney docket no. 25791 .1 7.02. filed on 6/7/2000. (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791 .23.02. filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 
5 no. 25791.25.02. filed on 7/9/2000. (1 1) US. provisional patent application serial 
no. 60/162.671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047. attorney docket no. 25791 29 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159 082 ' 
attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent ' 
10 application serial no. 60/159.039, attorney docket no. 25791.36, filed on 10/12/1999. 
(1 5) U.S. provisional patent application serial no. 60/159.033, attorney docket no 
25791.37, filed on 10/12/1999. (16) US. provisional patent application serial no. 

attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791 39 
15 filed on 1 1/12/1999. (18) US. provisional patent application serial no. 

. , attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. ■ attorney docket no 

2579 1 .46. filed on 7/28/2000. and (20) U.S. provisional patent appHcation serial no. 

. attorney dodcet no. 25791.47. filed on 9/18/2000. the disclosures 

20 of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be conqjressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then 
be positioned within the tubular member 500 and inflated to a sufficient operating 
pressure to plasticallv deform and radiallv exoand a nortion of the tubular men^hpr 
to thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f. the inflatable bladder 515 may then be removed 
and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be 
plastically deformed and radially expanded in a conventional mamier and/or by 
usmg one or more of the methods and apparatus described above in order to form a 
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mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 525, an annular body 530 of a fluidic sealing material may be 
formed around llie tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 
5 In several alternative embodiments, the inflatable bladder 5 1 5 may be 

coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process in5)lemented using the 
expansion cone. 

Referring to Figs 6a-6b, in an alternative embodiment, a tubular member 600 

1 0 having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also 
be formed around the tubular member 600 using any number of conventional 
methods. In a preferred embodiment, the tubular member 600 is plastically 

15 deformed and radially expanded and the annular body 610 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following: (1) 
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed 
on 12/3/1999, (2) U.S. patent appHcation serial no. 09/5 10,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent appUcation serial no. 09/502,350, 

20 attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791. 11.02, filed on 
3/10/2000, (6) U.S. patent appUcation serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 

25 attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000. (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791 .23.02, filed on 
4/26/2000, (10) PCT patent appUcation serial no. PCT/USOO/18635. attorney docket 
no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial 

30 no. 60/162,671, attomey docket no. 25791 .27, filed on 1 1/1/1999, (12) U.S. 

provisional patent appUcation serial no. 60/154,047, attomey docket no. 25791.29, 
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filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159.082 
attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent ' 
application serial no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999. 
(15) U.S. provisional patent appKcation serial no. 60/159.033, attorney docket no 
5 25791.37. filed on 10/12/1999, (16) US. provisional patent application serial no. 

., attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228. attorney docket no. 25791 39 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U S 

10 provisional patent application serial no. ^ . attorney docket no ' 

25791.46, filed on 7/28/2000. and (20) U.S. provisional patent application serial no. 

attorney docket no. 25791.47. filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plasticaUy deform and radially expand a portion of the tubular member to thereby 
fom, a recess 620 in the tubular member. As will be recognized by persons having 
ordmary skiU in the art. a roller expansion device typically utilizes one or more 
rollers that, through rotation of the device, apply a radial force to the interior 
surfaces of a tubular member. In several alternative embodiments, the roller 
expansion device 615 may include eccentric roUers such as. for exanq>le as 

Hi«..ln..H in TT P.t Ko« . 014 77Q «nH . OR, ^nS th. Hic^.l «f .r. 

incorporated herein by reference. 

Referring to Figs. 6d and 6e. the roUer e^ansion device 61 5 may then be 
removed and the shoe 605 drilled out using a conventional driUing device. 

Referring to Fig. 6f, an additional tubular member 625 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
usmg one or more of the methods and apparatus described above in order to form a 
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mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 625, an annular body 630 of a fluidic sealing material may be 
formed aroimd the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 
5 In several alternative embodiments, the roller expansion device 615 may be 

coupled to tiie bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process iniplemented using the 
expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 

1 0 casing 15. The wellbore 10 may be oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 15 may be coupled to the upper 
portion of the wellbore 10 using any number of conventional methods. In a 
preferred embodiment, the wellbore casing 15 is coupled to the upper portion of the 
wellbore 10 using one or more of the methods and apparatus disclosed in one or 

15 more of tiie following: (1) U.S. patent application serial no. 09/454,139, attomey 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attomey docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey docket no. 

20 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent appHcation serial no. 09/523,460, 
attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attomey docket no. 25791 .12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 

25 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent apphcation 
serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, 
(1 1) U.S. provisional patent application serial no. 60/162,671, attomey docket no. 
25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 

30 60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attomey docket no. 25791.34, filed on 
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10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. , attorney docket no. 

5 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

» attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

1 0 provisional patent application serial no. , attomejy docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 
15 Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular 

member may then be positioned within the wellbore 1 0. The apparatus 700 includes 
a tubular support member 705 defining a passage 710 for conveying fluidic 
materials. An expansion cone 715 defining a passage 720 and having an outer 
conical surface 725 for radially expanding tubular members is coiq)led to an end of 
20 the tubular support member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intermediate portion 735b that mates with 
the expansion cone 715, and a lower portion 735c having a lower outer diameter. 
25 The lower outer diameter is greater than tiie unoer outer diameter. The exnansion 
cone launchCT 735 fiuther includes a recessed portion 735d having an outer diameter 
that is less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion 
of flie expansion cone launcher 735. In a preferred embodiment, tiie valveable 
30 passage 745 may be controUably closed in order to fluidicly isolate a region 750 
below the expansion cone 715 and bounded by the lower portion 735c of the 
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expansion cone launcher 735 and the shoe 740 from the region outside of the 
apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of 
the expansion cone launcher 735. One or more sealing members 760a and 760b 

5 may be coupled to the exterior of the upper portion of the expandable tubular 
member 755. In several alternative embodiments, the sealing members 760a and 
760b may include elastomeric elements and/or metallic elements and/or composite 
elements. In several alternative embodiments, one or more anchoring elements may 
substituted for, or used in addition to, the sealing members 760a and 760b. 

10 In a preferred embodiment, the support member 705, the expansion cone 715, 

the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 

15 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 

20 25791.12.02, filed on 2/24/2000, (7) U.S. patent apphcation serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent apphcation 
serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCX patent apphcation serial no. PCT/USOO/18635, attorney docket 

25 no. 2579 1 .25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 

30 application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 1 0/12/1999, 
(15) U.S. provisional patent apphcation serial no. 60/159,033, attorney docket no. 
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25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed onl 1/12/1999. (18) US. provisional patent application serial no. 

* ■' attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney dlcket no. 

25791.46, filed on 7/28/2000, and (20) US. provisional patent application serial no. 

attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the weUbore 10, fluidic materials 765 within the weUbore 10 
are conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the apparatus 700. In this maimer, surge pressures during placement 
of the apparatus 700 within the weUbore 10 are reduced. In a preferred embodiment, 
the apparatus 700 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 755 overl^s with the preexisting casing 15. In this 
manner, the upper portion of the expandable tubular member 755 may be radially 
expanded into contact with and coupled to the preexisting casing 15. As will be 
recognized by persons having ordinary skiU in the art. the precise initial position of 
the expandable tubular member 755 wiU vary as a function of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through 
Ihe apparatus 700 through the passages 710, 720. and 745 in order to test the proper 

As iUustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then 
be injected through the apparatus 700 through the passages 710, 720 and 745 into 
the annulus between the ^paratus and the weUbore 10. In this manner, an annular 
barrier to fluid migration into and out of the weUbore 10 may be formed around the 
radially expanded expansion cone launcher 735 and expandable tubular member 
755. The hardenable fluidic seahng material may include, for exan^le, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 775 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 775 is compressible, before, during and/or after, 
the curing process. 

5 As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 

injected into the apparanis through the passages 710 and 720. A ball plug 785, or 
other similar device, may then be injected with the fluidic material 780 to thereby 
seal off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

1 0 As illustrated in Figs. 7f and 7g, the continued injection of the fluidic 

material 780 into the apparatus 700 causes the expansion cone launcher 735 and 
expandable tubular member 755 to be plastically deformed and radially expanded 
off of the expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 

1 5 member 755, the hardenable fluidic sealing material is allowed to cure to thereby 
form an annular body 795 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
20 drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 755. 

Referring to Fig. 7i, an additional tubular member 800 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 

25 using one or more of the methods and apparatus described above in order to form a 
mono-diameter weUbore casing. Before, during or after the radial expansion of the 
tubular member 800, an annular body 805 of a fluidic sealing material may be 
formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. In a preferred embodiment, the 

30 lip 790 facilitates the coupling of the tubular member 800 to the tubular member 755 
by providing a region on which the tubular member 800 may be easily coupled onto. 
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Referring to Fig. 8a, in an alternative en*odiment, a wellbore 10 includes a 
preexastmg section of wellbore casing 15 and 900. Tho wellbore casing 900 
mcludes sealing members 905a and 905b and a recess 910. An annular body 915 of 
a fluidic sealing material may also be provided around the casing 900. The casing 
5 900 and annular body 915 may be provided using any number of conventional 
methods, the methods described above, and/or using one or more of the methods 
disclosed m the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no 
09/510,913, attorney docket no. 25791.7.02, filed on 2^3/2000, (3) U.S. patent 
10 apphcation serial no. 09/502.350, attorney docket no. 25791.8.02, filed on 

2/10/2000, (4) U.S. patent application serial no. 09/440,338. attorney docket no 
25791.9.02. filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523 460 
attorney docketno. 25791.11.02, filed on 3/10/2000, (6) U.S. patent applicati«i ' 
senal no. 09/512,895, attorney docket no. 25791 . 12.02, filed on 2/24/2000 (7) U S 
15 patent application serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946. attomey docket no 
25791. 1 7.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559 122 
attomey docketno. 25791.23.02. filed on 4/26/2000. (10) PCT patent application 
serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000 
20 (1 1) U.S. provisional patent application serial no. 60/162.671. attomey docket no 
25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no 
60/154,047, attomey docketno. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
patent application serial no. 60/159.082. attomey docketno. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159,039, attomey 

«nal no. 60/159.033, attorney docket no. 25791.37. filed on 10/12/1999 (16) U S 

provisional patent q^licadon serial no. , attorney docket no 

25791.38. filed on 6/19/2000. (17) U.S. provisional patent application sedal no 

60/165.228, attomeydocketno. 25791.39, filed on 11/12/1999 (18)US 
30 provisional paten, applicaHon serial no. , .^.y ^ ^ 

25791.45, filed on 7/28/2000, (19) U.S. provisional paten, plication serial no 
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, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

5 . Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular 

member is then positioned within the wellbore 10 that includes a tubular support 
member 1005 that defines a passage 1010 for conveying fluidic materials. A 
hydraulic locking device 1015 that defines a passage 1020 for conveying fluidic 
materials that is fluidicly coupled to the passage 1010. The locking device 1015 
10 further includes inlet passages, 1020a and 1 020b, actuating chambers, 1025a and 
1025b, and locking members, 1030a and 1030b. During operation, the injection of 
fluidic materials into the actuating chambers, 1025a and 1025b, causes the locking 
members, 1030a and 1030b, to be displaced outwardly in the radial direction. In this 
manner, the locking device 1015 may be controUably coupled to a tubular member 

15 to thereby maintain the tubular member in a substantially stationary position. As 
will be recognized by persons having ordinary skill in the art, tiie operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, 
and locking members 1030 will determine the maximum amount of holding force 
provided by the locking device 1015. In several altemative embodimrats, fluidic 

20 materials may be injected into the locking device 1015 using a dedicated fluid 
passage in order to provide precise control of the locking device. In several 
altemative embodiments, the locking device 1015 may be omitted and the tubular 
support member 1005 coupled directly to the tubular siqjport member 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 

25 coupled to the locking device 1015. The passage 1 040 is fluidicly coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 
outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by 
the expansion cone 1045. The expansion cone launcher 1060 includes an upper 

30 portion 1060a having an upper outside diameter, an intermediate portion 1060b that 
mates with the expansion cone 1045, and a lower portion 1060c having a lower 
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outside diameter. The lower outside diameter is greater than the upper outside 
diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a region 1075 
5 below the expansion cone 1045 and bounded by the expansion cone launcher 1060 
and the shoe 1065 may be pressurized and fluidicly isolated from the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1 080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
10 sealing members are coupled to the exterior ofthe upper portion of the expandable 
tubular member 1080. In several alternative embodiments, the sealing members 
may include elastomeric elements and/or metaUic elements and/or con5>osite 
elements. In several alternative embodiments, one or more anchoring elements may 
substituted for, or used in addition to, the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular 
support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 
1005 is coupled to the bottom of ihe expansion cone 1085 for supporting and 
actuating the expansion cone. 

In a preferred embodiment, the support members 1005 and 1035, the 
expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more ofthe following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
25 09/510,913, attorney docket no. 25791.7.02. filed on 2/23/2000. mn .<? natent 
application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent apphcation serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent apphcation 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
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2/24/2000, (8) U.S. patent application serial no, 09/588,946, attorney docket no. 

25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 

attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent application 

serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, 
5 (1 1) U.S. provisional patmt application serial no. 60/162,671, attorney docket no. 

25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 

patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 

10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
10 docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 

serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
15 provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
20 reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials 1110 witiiin the wellbore 1 0 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this maimer, surge pressures during 

25 placement of flie apparatus 1000 within flie wellbore 10 are reduced In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such 
that the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 

30 9 1 0 of the preexisting casing 900. 
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As illustrated in Fig. 8c, a fluidic material 1 1 15 may then be injected through 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1 070 in orderto test 
the proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then 
be injected through the ^aratus 1000 through the passages 1010, 1020, 1040, and 
1070 into the annulus between the apparatus and the wellbore 10. In this manner, an 
annular barrier to fluid migration into and out of the wellbore 10 may be formed 
around the radiaUy expanded expansion cone launcher 1060 and expandable tubular 
member 1080. The hardenable fluidic sealing material may include, for exan5>Ie, a 
cement mixture. In several alternative embodiments, the injection of the hardenable 
fluidic sealing material 1 120 may be omitted. In several alternative embodiments, 
the hardenable fluidic sealing material 1120 is compressible, before, during and/or 
aflo", the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1 125 may then be 
15 injected into the apparatus 1000 through the passages 1010. 1020 and 1040. A baU 
plug 1 1 30, or other similar device, may then be injected with the fluidic material 
1125 to thereby seal off the passage 1070. In this manner, the region 1075 maybe 
pressurized by the continued injection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b, of the 
20 locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expansion cnnfi 1 085 mav nlastirflUv lie^fnrm anH raHialU/ »-,r«a«/i ti,« ^^^^ 

* - .f ■•■r -n X 

Of the expandable tubular member 1080. hi this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 
preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
30 member 1015 preferably prevents axial displacement of the tubular member 1080. 
In a preferred embodiment, the locking member 1015 is positioned proximate the 
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upper portion of the tubular member 1080 in order to prevent buckling of the tubular 
member 1080 during the radial expansion of the upper portion of the tubular 
member. In an alternative embodiment, the locking member 1015 is omitted and the 
interference between the intermediate portion 1060b of the expansion cone launcher 
1060 and the expansion cone 1045 prevents the axial displacement of the tubular 
member 1080 during the radial expansion of the upper portion of the tubular 
member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 1 00 may then be 
raised out of the wellbore 10. 

As illustrated in Fig. 8h, the continued injection of the fluidic material 1 125 
into the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically deformed and radially expanded 
off of the expansion cone 1045. In this manner, the expansion cone 1045 is 
displaced relative to the expansion cone launcher 1060 and expandable tubular 
member 1080 in the axial direction. In a preferred embodiment, the axial forces 
created during the radial expansion process are greater than the axial forces 
generated by the locking device 1015. As will be recognized by persons having 
ordinary skill in the art, the precise relationship between these axial forces will vary 
as a function of the operating characteristics of the locking device 1015 and the 
metallurgical properties of the expansion cone launcher 1060 and expandable 
tubular 1080. In an altemative embodiment, the operating pressures of the actuating 
chambers, 1025a and 1025b, and the region 1075 are separately controllable by 
providing separate and dedicated fluid passages for pressurizing each. 

As illxistrated in Fig. 8i, after completing the plastic deformation and radial 
expansion of the tubular member 1080, the hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1 130 that provides a barrier to fluid 
flow into or out of flie wellbore 10. The shoe 1065 may then removed by drilling 
out the shoe using a conventional drilling device. A new section of the wellbore 10 
may also be drilled out in order to permit additional expandable tubular members to 
be coupled to the bottom portion of the plasticaDy deformed and radially expanded 
tubular member 1080. 
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In an alternative embodiment, the annular body 1 130 may be omitted. In 
several alternative embodiments, the annular body 1 130 may be radially conpressed 
before, during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded 
5 again using one or more of the methods described above to provide an mono- 
diameter wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 
1205 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further 
include outer annular layers of fluidic sealing materials such as, for example, 
10 cement. The ends of the casings, 1205 and 1210, are separated by a gap 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 
opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically deforming and radially expanding the 
1 5 tubular member 1220 using one or more of the methods and apparatus described and 
referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred embodiment, flie length of the radial 
expansion device 1225 is greater than or equal to the axial length of flie tubular 
20 member 1220. In several alternative embodiments, the radial expansion device 1225 
may be any number of conventional radial expansion devices such as, for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 

25 removal of thp raHial f»Yr*5incinT> i^/»\MV*» T)0< 
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1205 and 1210, are substantially equal to the inside diameter of the tubular member 
1220. In fliis manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubvdar member 1310. In a preferred embodiment, tbe tubular 
30 members, 1 305 and 1 3 1 0, are plastically deformed and radially expanded using one 
or more of the methods and ^paratus described and referraced above. In tiiis 
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manner, a wellbore casing may be provided whose burst and collapse strength may 
be precisely controlled by varying the number, thickness, and/or material properties 
of the tubular members, 1305 and 1310. 

Referring to Fig. 1 la, a wellbore 1400 includes a casing 1405 that is coupled 
5 to a preexisting casing 1410. In a preferred embodiment, one or more sealing 
members 1415 are coupled to the exterior of the upper portion of the tubular 
member 1405 in order to optimally seal the interface between the tubular member 
1405 and the preexisting casing 1410. In a preferred embodiment, the tubular 
member 1405 is plastically deformed and radially expanded using conventional 
10 methods and/or one or more of the methods and apparatus described and referenced 
above. In an exemplary embodiment, the outside diameter of the tubular member 
1405 prior to the radial expansion process is ODq, the wall thickness of the tubular 
member 1405 prior to the radial expansion process is to, the outside diameter of the 
tubular member following the radial expansion process is ODi, and the wall 
1 5 thickness of the tubular member following the radial expansion process is tj . 

Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to tiie 
lower portion of the tubular member 1405 by plastically deforming and radially 
expanding the tubular member 1420 using conventional methods and/or one or more 
of the methods and apparatus described and referenced above. In a preferred 
20 embodiment, the exterior surface of the upper portion of the tubular member 1420 
includes one or more sealing members for sealing the interface between the tubular 
member 1420 and the tubular member 1405. 

Referring to Fig. 11c, lower portion of the tubular member 1405 and the 
tubular member 1420 may be radially expanded again to provide a mono-diameter 
25 wellbore casing. The additional radial expansion may be provided using 

conventional methods and/or one or more of tiie methods and apparatus described 
and referenced above. In an exen^lary embodiment, the outside diameter and wall 
thickness of the lower portion of the tubular member 1405 after the additional radial 
expansion process are OD2 and t2. 
30 The radial expansion process of Figs. 1 1 b- 1 1 c can then be repeated to 

provide a mono-diameter wellbore casing of virtually unlimited length. 
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m several alternative embodiments, the ordering of the radial expansions of 
the tubular members, 1405 and 1420, may be changed.. For exan^le. the first 
tubular member 1405 may be plastically deformed and radially expanded to provide 
a lower portion having the outside diameter OD, and the remaining portion having 
5 the outside diameter OD.. Th^ tubular member 1420 may then be plastically 

deformed and radially expanded one or more times until the inside diameters of the 
tubular members, 1405 and 1420, are substantially equal. Il.e plastic deformations 
and radial expansions of the tubular members, 1405 and 1420. may be provided 
usmg conventional methods and/or one or more of the methods and apparatus 
1 0 described and referenced above. 

In an exenqjlaiy embodiment, the total expansion strain E of the tubular 
member 1405 may be expressed by the following equation: 

£'iOD,-OD,)/OD, (1) 
where ODq = original outside diameter, 

OD, = outside diameter after 1« radial expansion; and 
OD2 = outside diameter after 2"" radial expansion. 
Funhermore. in an exen5>lary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radaal spacing between the tubular member 1405 and the wellbore 1400 prior to the 
first radial expansion is equal to d, the outside diameters, OD, and OD, of the 
tubular member 1 405 following ti.e first and second radial expansions may be 
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expressed as: 



OD,= ODo + 2d+2t, (2) 
OD^^OD^ + lR + lt^ (3) 



— -1 /^T\ 



wx»^^i^ utoiiic^i ufilio luuular 

member 1405; 

ODi = the outside diameter ofthe tubular member 

1405 following the first radial expansion; 
= the outside diameter ofthe tubular member 
1405 following the second radial expansion; 



OD 
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d = the radial spacing between the tubular 

member 1405 and the wellbore prior to the first 
radial expansion; 

= the wall thickness ofthe tubular member 
5 1 405 after the first radial expansion; 

= the wall thickness of the tubular member 
1405 after the second radial expansion; and 
R = the thickness of sealing member provided on 

the exterior surface ofthe tubular member 1420. 
10 Furthermore, in an exemplary embodiment, for d approximately equal to 0.25 

inches and R approximately equal to 0.1 inches, equation (1) can be approximated 



25 



as: 



E = (OT+3Jt,)/ODo (4) 
^jjgre to = the original wall thickness of the tubular 

member 1405. 

In an exemplary embodiment, the total expansion strain ofthe tubular 
member 1405 should be less than or equal to 0.3 in order to maximize the burst and 
collapse strength ofthe expandable tubular member. Therefore, firom equation (4) 
the ratio ofthe original outside diameter to the original wall thickness (ODo/to) may 
20 be expressed as: 

OD, //o ^ 3.8/(03- 0.7/QDo) (5) 
Thus, in a preferred embodiment, for ODo less than 10 inches, the optimal 
ratio ofthe original outside diameter to the original wall thickness (ODA) may be 
expressed as: 

ODo/t^^\6 (6) 

In this manner, for typical tubular members, the burst and collapse strength 
ofthe tubular members following one or more radial expansions are maximized 
when the relationship in equation (6) is satisfied. Furthermore, the relationships 
expressed in equations (1) through (6) are valid regardless ofthe order or type ofthe 
30 radial expansions ofthe tubular member 1405. More generally, the relationships 
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expressed m equations (1) through (6) may be applied to the radial expansion of 
structures having a wide range of profiles such as, for exanq,Ie. triangular, 
rectangular, and oval. 

An apparatus for plasticaUy defomiing and radially expanding a tubular 
5 member has been described that includes means for plastically deforming and 
radially expanding a first portion of the tubular member to a first outside diameter 
and means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
10 embodiment, the means for plastically deforming and radiaUy expanding the first 
portion of the tubular member to the first outside diameter is removable. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter is frangible. In a 
preferred embodirhent, the means for plastically deforming and radiaUy expanding 
the first portion of the tubular member to the first outside diameter is elastic. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the fir^ portion of the tubular member to the first outside diameter includes means 
for applying a radial force to the first portion of the tubular member. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes rolling 
means for applying radial pressure to the first portion of the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular 
r^ember ha, also been de,crib..d that inclnde., « ,„h„l«r «„nnort ^.n,h«r W1„H,„a . 
fii^t fluid passage, an expansion cone coupled to Ihe tubular support member havLg 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, a removable amiular conical sleeve coupled to the outer conical 
surface of the expansion cone, an amiular expansion cone launcher coupled to the 
corneal sleeve and a lower portion of the tubular member, and a shoe having a 
valveable passage coupled to an end of the expansion cone launcher. In a preferred 
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embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality 
of arcuate elements, 

A method of plastically deforming and radially expanding a tubular member 
has also been described that includes plastically deforming and radially expanding a 
portion of the tubular member to a first outside diameter, and plastically deforming 
and radially expanding another portion of the tubular member to a second outside 
diameter. In a preferred embodiment, the first diameter is greater than the second 
diameter. In a preferred embodiment, plastically deforming and radially expanding 
the portion of the tubular member includes applying a radial force to the portion of 
the tubular member using a conical sleeve. In a preferred embodiment, conical 
sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In a 
preferred embodiment, the conical sleeve includes a plurality of arcuate elements. 
In a preferred embodiment, plastically deforming and radially expanding the portion 
of the tubular member includes applying a radial force to the portion of the tubular 
member using an inflatable bladder. In a preferred embodiment, plastically 
deforming and radially expanding tiie portion of the tubular member includes 
applying a radial force to flie portion of the tubular member using a roller expansion 
device. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming 
and radially expanding another portion of the first tubular member to a second 
outside diameter, positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
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and radially expanding the first portion of the first tubular member includes applying 
a radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is firangible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
5 a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
a radial force to the first portion of the first tubular member using an inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the 
0 first portion of the first tubular member using a roller expansion device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plasticaUy deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the first 
> tubular member to a second outside diameter, means for positioning the second 
tubular member inside the first tubular member in overlq)ping relation to the first 
portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and means for 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diarneter. 
In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for ^plying a 

preferred embodiment, the conical sleeve is fi^gible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the first tubular member 
includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, the means for 
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plastically deforming and radially expanding the first portion of the first tubular 
member includes means for applying a radial force to the first portion of the first 
tubular member using a roller expansion device. 

An apparatus for forming a wellbore casing within a wellbore has also been 
5 described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first portion of tihe tubular 
member to a first outside diameter, and means for plastically defomiing and radially 
expanding a second portion of the tubular member to a second outside diameter. In 
a preferred embodiment, the first outside diameter is greater than the second outside 
1 0 diameter. In a preferred embodiment, the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is frangible. In a preferred embodiment, the means for plastically 

1 5 deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is elastic. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to flie first 
outside diameter includes means for applying a radial force to the first portion of the 
tubular member. In a preferred embodiment, the means for plastically deforming 

20 and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the meauis for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first 
portion of the tubular member. In a preferred embodiment, the apparatus further 

25 includes means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular member and flie wellbore. 

An apparatus for forming a wellbore casing wifliin a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid 

30 passage fluidicly coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the 
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expansion cone, an annular expansion cone launcher coupled to the conical sleeve 
and a lower portion of the tubular member, and a shoe having a valveable passage 
coupled to an end of the expansion cone launcher. In a preferred embodiment, the 
corneal sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic 
5 In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. 

A method of forming a weUbore casing within a weUbore has also been 
described that includes supporting a tubular member wilhin a weUbore, plasticaUy 
deforming and radially expanding a portion of the tubular member to a first outside 
I diameter, and plasticaUy deforming and radially expanding another portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodiment, plastically 
deformmg and radially expanding the portion of the tabular member includes 
applying a radial force to the portion of the tubular member using a conical sleeve. 
In a preferred embodiment, the conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical 
sleeve includes a pluraUty of arcuate elements. In a preferred embodiment 
plastically deforming and radiaUy expanding the portion of the tubular member 
mcludes applying a radial force to the portion of the tubular member using an 
inflatable bladder. In a preferred embodiment, plastically deforming and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using a roller expansion device. In a preferred 
embodiment, the method further includes injecting an annular body of a hardenable 
flmdic sealing material into an amiulus between the tubular member and the 

«,.11W. T„ . -ethcd e^^- .--1"^ .1- . _ 

body of hardenable fluidic sealing material. 

A method of forming a mono^iameter wellbore casing within a weUbore has 
also been desmbed that includes supporting a first tubular member within the 
weUbore. plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter. plasticaUy deforming and radiaUy 
expanding another portion of the first tubular member to a second outside diameter 
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positioning the second tabular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
a radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is firangible. In a preferred embodiment, 
ttie conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
a radial force to the first portion of the first tubular member using an inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the 
first portion of the first tubular member using a roller expansion device. In a 
preferred embodiment, the method fiirther includes injecting an aimular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, tiie method fiirther includes curing the 
aimular body of hardenable fluidic sealing material. In a preferred embodiment, the 
method fiirther includes injecting an annular body of a hardenable fluidic sealing 
material into an annulus between the second tubular member and the wellbore. In a 
preferred embodiment, the method fiirther includes curing the aimular body of 
hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, means for positioning the second 
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tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plasticaUy deforming and radially 
expanding the second tubular member to a third outside diameter, and means for 
plastically deforming and radiaUy expanding the second tubular member to a fourth 
: outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter. 
In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a 
radial force to the portion of the tubular member using a conical sleeve. In a 
prefenred embodiment, the conical sleeve is fiiangible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements, hi a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the first tubular member 
includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder, hi a prefenred embodiment, the means for 
plasticaUy deforming and radially expanding the first portion of the first tubular 
member includes means for applying a radial force to the first portion of the first 
tubular member using a roUer expansion device. In a preferred embodiment, the 
apparatus further includes means for injecting an annular body of a hardenable 
fluidic sealing material into an annulus between the first tubular member and the 
wellbore. hi a preferred embodiment, the apparatus fiirther includes means for 
curing the annular body of hardenable fluidic sealing material, hi a preferred 
embodiment, the apparatus fiirther includes means for injecting an annular body of a 
hardenable fluidic snfllina mat«rifll intn an mTy„]yr. u^*,,r^ *i. j ^.t...,. 

member and the wellbore. In a preferred embodiment, the apparatus fiirther includes 
means for curing the annular body of hardenable fluidic seaUng material. 

An apparatus for plasticaUy deforming and radiaUy expanding a tubular 
member has also been described that includes means for providing a lipped portion 
in a portion of the tubular member, and means for plastically deforming and radially 
expanding another portion of the tubular member. 
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An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular support member including a 
first fluid passage, an expansion cone coupled to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
5 conical surface, an annular expansion cone launcher including: a first annular 

portion coupled to a lower portion of the tubular member, a second aimular portion 
coupled to the first annular portion that mates with the outer conical surface of flie 
expansion cone, a third annular portion coupled to the second annular portion having 
a first outside diameter, and a fourth annular portion coupled to the third annular 

10 portion having a second outside diameter, wherein the second outside diameter is 

less tiian the first outside diameter, and a shoe having a valveable passage coupled to 
fourth annular portion of the expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member 
has also been described that includes providing a lipped portion in a portion of the 

1 5 tubular member, and plastically deforming and radially expanding another portion of 
the tubular member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the 

20 first tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular member. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

25 An apparatus for coupling a first tubular member to a second tubular member 

has also been described that includes means for providing a lipped in the first tubular 
member, means for plastically deforming and radially expanding another portion of 
the first tubular member, means for positioning the second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the first 

30 tubular member, and means for plastically deforming and radially expanding the 
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second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantiaUy equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
i means for providing a lipped portion in the tubular member, and means for 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter. 

An apparatus for forming a weUbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled to a 
lower portion of the tubular member, a second annular portion coupled to the first 
annular portion that mates with the outer conical surface of the expansion cone, a 
third annular portion coupled to the second annular portion having a first outside 
diameter, and a fourth annular portion coupled to the third annular portion having a 
second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a shoe having a valveable passage coupled to fourth annular 
portion of the expansion cone laimcher. 

A method of forming a wellbore casing in a wellbore has also been described 
that includes supporting a tubular member within the wellbore, providing a lipped 
portion in a portion of the tubular member, and plastically defonning and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
method further includes injecting a hardenable fluidic sealing material in an amiulus 
between the tiihiilar 

^ ' — - — > ~~ 

method further includes curing the fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the 
wellbore, providing a lipped portion in a portion of the first tabular member, 
plasticaUy deforming and radially expanding another portion of the first tubular 
member, positioning the second tubular member inside the first tubular member in 
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overlapping relation to the lipped portion of the &st tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters 
of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. In a preferred embodiment, the method fbrther 
5 includes injecting a hardenable fluidic sealing material in an annulus between the 
first tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the fluidic sealing material. In a preferred embodiment, the 
method further includes injecting a hardenable fluidic sealing material in an annulus 
between the second tubular member and the wellbore. In a preferred embodiment, 

10 the method further includes curing the fluidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing within a wellbore 
has also been described that includes means for providing a lipped in the first tubular 
member, means for plastically deforming and radially expanding another portion of 
the first tubular member, means for positioning the second tubular member inside 

15 the first tubular member in overlapping relation to the lipped portion of the first 
tubular member, and means for plastically deforming and radially expanding the 
second tubular member. The inside diameters of the first and second tubular 
menibers after the plastic deformations and radial expansions are substantially equal. 
In a preferred embodiment, the apparatus further includes means for injecting a 

20 hardenable fluidic sealing material in an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus further includes means 
for curing the fluidic sealing material In a preferred embodiment, the apparatus 
further includes means for injecting a hardenable fluidic sealing material in an 
annulus between the second tubular member and the wellbore. In a preferred 

25 embodiment, the apparatus further includes means for curing the fluidic sealing 
material. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes means for plastically deforming and 
radially expanding a first end of the tubular member, and means for plastically 
30 deforming and radially expanding a second end of the tubular member. In a 
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preferred embodiment, the apparatus further includes means for anchoring the 
tubular member during the radial expansion. 

An apparatus for plasticaDy defonning and radially expanding a tubular 
member has also been descm>ed that includes a tubular support member including a 
5 first passage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface an 
annular expansion cone launcher movably coupled to outer conical surface of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
1 0 cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. Ttc annular expansion cones are 
positioned in opposite orientations. In a preferred embodiment, the annular 
expansion cone is adapted to plastically deform and radially expand a first end of the 
expandable tubular member and the other annular expansion cone is adapted to 
15 plastically deform and radially expand a second end of the expandable tubular 
member. In a preferred embodiment, the apparatus further includes an anchoring 
member coiq,led to the tubular si^port member adapted to hold the expandable 
tubular. 



'^"'*~'°*"P'»«i<^'y'lrf<»™i>>g and radially cxpa:,dmg a tabular me^ 
20 has also been described fta, mcludes plastically deforrrung and radially expanding a 
first end of tte tabular member, and plastically deforming and mdiaUy expanding a 
second end of the tabular member. In a prefexr«i embodimeo,. fl,e method further 
mcludes anchoring the tabular member during the radial expansion. In a p«fe,r«J 
^l-'^-^'.thefirstendofthetubularmenfl^risplasticaaydeformedandrad^^ 



and radially expanding the second end of the tabular memb^ L^I,j'ecZ7° 
flmdic material into the tubular member. 

A method of coupling a first tabular member to a second tabular member has 
also been descnT^d that includes positioning the second tabular member inside the 
first tabular member in an overlapping relationship. plasticaUy defonmng and 
rad.ally expanding the end of the second tabular member overlaps with the firs, 
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tubular member, and plastically deforming and radially expanding the remaining 
portion of the second tubular member. In a preferred embodiment, the mefliod 
further includes plastically deforming and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, the inside diameters of the first 
5 and second tubular members are substantially equal after the radial expansions. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member 
1 0 that overlaps with the first tubular member, and means for plastically deforming and 
radially expanding the remaining portion of ttie second tubular member. In a 
preferred embodiment, the apparatus further includes means for plastically 
deforming and radially expanding at least a portion of ttie second tubular member. 
In a preferred embodiment, the inside diameters of the first and second tubular 
1 5 members are substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end 
20 of the tubular member. In a preferred embodiment, the apparatus further includes 
means for anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the apparatus fijrther includes means for injecting a hardenable fluidic 
sealing material into an annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
25 described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular siq>port having a second passage fluidicly 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 
30 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
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coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable 
tubular member and the otiier annular e?q)ansion cone is adapted to plastically 
deform and radially expand a second end of fee e3q>andable tubular member. In a 
preferred embodiment, fee apparatus further includes an anchoring member coupled 
to fee tubular support member adapted to hold fee expandable tubular. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expandiag a first end of 
fee tubular member, and plastically deforming and radially expanding a second end 
of fee tubular member. In a preferred embodiment, fee mefeod further includes 
anchoring fee tubular member during fee radial expansion. In a preferred 
embodiment, fee first end of fee tubular member is plastically deformed and radially 
expanded before fee second end. In a preferred embodiment, plastically deformiug 
and radially expanding fee second end of fee tubular member includes injecting a 
fluidic material into fee tubular member. In a preferred embodiment, fee mefeod 
further includes injecting a hardenable fluidic sealing material into an annulus 
between fee tubular member and fee wellbore. 

A mefeod of forming a wellbore casing within a wellbore has also been 
described feat includes plastically deforming and radially expanding a first tubular 
member within fee wellbore, positioning a second tubular member inside fee first 
tubular member in an overlapping relationship, plastically deforming and radially' 
expanding fee end of fee second tubular member that overlaps wife fee f5rst tubular 
member, plastically deforming and radially expanding fee remaining portion of fee 
second tubular member. In a oreferred enobodiment fee mefeod fijrthRr inrlnHRR 
plastically deforming and radially expanding at least a portion of fee second tubular 
member. In a preferred embodiment, fee inside diameters of fee first and second 
tubular members are substantially equal after fee radial expansions. In a preferred 
embodiment, fee mefeod further includes injecting a hardenable fluidic sealing 
material into an annulus between fee first tubular member and fee wellbore. Jn a 
preferred embodiment, fee mefeod further includes injecting a hardenable fluidic 
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sealing material into an annulus between the second tubular member and the 
wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for plastically deforming and radially expanding a 
first tubular member within the wellbore, means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member 
that overlaps with the first tubular member, means for plastically deforming and 
radially expanding the remaining portion of the second tubular member. In a 
preferred embodiment, the apparatus further includes means for plastically 
defomiing and radially expanding at least a portion of the second tubular member. 
In a prefenred embodiment, the inside diameters of the first and second tubular 
members are substantially equal after the radial expansions. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material into an annulus between the first tubular member and the wellbore. 
In a preferred embodiment, the apparatus further includes means for injecting a 
hardenable fluidic sealing material into an annulus between the second tubular 
member and fee wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting 
a tubular member in overlapping relation to the opposing ends of the wellbore 
casings, means for plastically deforming and radially expanding the tubular member, 
and means for plastically deforming and radially expanding the tubular member and 
the opposing ends of the wellbore casings. 

A metiiod of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes supporting a tubular member 
in overlapping relation to the opposing ends of the wellbore casings, plastically 
deforming and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 
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A method of fomnng a structure having desired strength characteristics has 
also been described that includes providing a first tubular member, and plastically 
deforming and radially expanding additional tubular members onto the interior 
surface of the first mbular member until the desired strength characteristics are 
5 achieved. 

A method of forming a wellbore casing within a wellbore having desired 
strength characteristics has also been described that includes plastically deforming 
and radially expanding a first tubular member within Ae weUbore, and plastically 
deforming and radially expanding additional tubular members onto the interior 

3 ^"rf-^-ofthefirsttubularmemberuntilthedesiredstrengthcharacteristicsare 
achieved. 

A method of coupling a first tubular member to a second tubular member the 
first tubular member having an original outside diameter ODo and an original wall 
thickness 1,, has also been described that includes plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter 
plastically deforming and radially expanding another portion of the first tubule 
member to a second outside diameter, positioning the second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter, wherem the 
mside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal, and 
wherein the ratio of the original outside diameter ODo of^c first tubular member to 
the onginal waU thickness t. of the frr^ tubular me^he. i« 
16. 

A method of fonning a mono-diameter wellbore casing has also been 
described that includes positioning a first tubular member within a weUbore the first 
tubular member having an original outside diameter ODo and an original wall 
thickness to. plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plasticaUy deforming and radially 
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expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal, and wherein the ratio of the original outside diameter ODq of the 
first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described tiiat includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, wherein the 
ratio of the original outside diameter ODq of the first tubular member to the original 
wall thickness to of the first tubular member is greater than or equal to 16. 

An apparatus has also bera described that includes a plastically deformed and 
radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter ODq of the 
first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. In a preferred embodiment, the inside diEuneters of the 
first and second tubular members are substantially equal. 

A wellbore casing formed in a wellbore has also been described that includes 
a plastically deformed and radially e^anded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 
member coupled to the first portion of the first tubular member. The ratio of the 
original outside diameter ODq of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. In a prefen-ed 
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embodin^cn^ fte inside „f .he fcs, and ^d M,ular members ^ 

substantially equal. 

A,, apparato has also been described includes a plastically deformed and 
rad«Ilyexpa„d«i tabular member. In a prefaced embodiment tt. ratio of fte 
on^ outside di».e.„ OD„ of *e mbular member to 4e original wall ftictoess ,„ 
of the tabular member is greater than or equal to 16. 

'";"^^'«-iv= embodiments, the mefliods and appamusdescrib«i and 
rrferenced above may be used to fonn or repair weUbore casings, pipeline^ and 

Structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 

f^tr^'"'^'"'""'^- yemploysome 

of the present invention without a co^esponding use of fl,e other features 
Accordmgly. i, is appropriate that readers should construe fl,e appended clahns ' 
broadly, and in a manner consistent with the scope of the invention. 
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What is claimed is: 



Claims 



1 . A method of plastically deforaiing and radially expanding a tubular meiriber, 
conprising: 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter comprising applying a radial force to the portion of the 
tubular member using a conical sleeve; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diametCT; 

wherein the conical sleeve is frangible. 

2. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter con5)rising applying a radial force to the portion of the 
tubular member using a conical sleeve; and 

plastically deforming and radially expanding anoflier portion of the tubular 
member to a second outside diameter; 

wherein the conical sleeve is elastic, 

3. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member 
to a &st outside diameter contiprising applying a radial force to flie portion of the 
tubular member using a conical sleeve; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter; 

wherein the conical sleeve comprises a plurality of arcuate elements. 
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4. A method of plastically deforming and radially expanding a tubular member, 
con:5>rising: 

plastically deforming and radiaUy expanding a portion of the tubular member 
to a first outside diameter; and 

5 plastically deforming and radially expanding another portion of the tubular 

member to a second outside diameter; 

wherein plastically deforming and radiaUy expanding the portion of the tubular 
membo: cornprises: 

applying a radial force to the portion of the tubular member using an inflatable 
10 bladder 

5. The method of claim 4, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
15 expansion device. 

6. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
20 member to a first outside diameter; 

plastically deforming and radiaUy expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

^ - -- ^ o ^'-..^^-^Aw***^ fcAAw ^wwv^xAv» LUL/uxcu xixw^iiiuci vu a, 

third outside diameter, and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after 
30 the plastic deformations and radial expansions are substantially equal. 
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7. The method of claim 6, wherein the first outside diameter is greater than the 
second outside diameter. 

8. The method of claim 6, wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 

sleeve. 

9. The method of claim 8, wherein the conical sleeve is fi"angible. 

1 0. The method of claim 8, wherein the conical sleeve is elastic. 

1 1 . The method of claim 8, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

12. The method of claim 6, wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to tiKe first portion of the first tubular member using 
an inflatable bladder. 

13. The method of claim 6, wherero plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

14. An apparatus for coupling a first tubular member to a second tubular member, 
conq^rising: 

means for plastic2dly deforming and radially expanding a first portion of the 
first tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter; 
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means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member; 

means for plasticaUy deforming and radially expanding the second tubular 
member to a third outside diameter; and 

5 means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

10 15. Tlae apparatus ofclaim 14. wherein the first outside diameter is greater than 
the second outside diameter. 

16. The apparatus of claim 14, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member con^rises: 

means for applying a radial force to the portion of the tubular member using 
a conical sleeve. 
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17. The apparatus of claim 16. wherein the conical sleeve is frangible. 
20 18. The apparatus of claim 16. wherein the conical sleeve is elastic. 

19. The apparatus of claim 16, wherein the conical sleeve con^rises a plurality of 
arcuate elements. 



radially expanding the first portion of the first tubular member comprises- 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 

30 21. Tlieappar.^.„felaiml4,whereintt.m«„sforplasticallydefbnningaod 
radially expanding fte fct portion of fte Srst mbuto member con^: 
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means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

22. A method of forming a mono-diameter wellbore casing within a wellbore, 

5 comprising: 

supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first 
1 0 tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 
1 5 plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 

wherein tiie inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

20 23. The method of claim 22, wherein the first outside diameter is greater than the 
second outside diameter, 

24. The method of claim 22, wherein plastically deforming and radially expanding 
the first portion of tive first tubular member comprises: 

25 applying a radial force to the portion of the tubular member using a conical 

sleeve. 

25. The method of claim 22, wherein the conical sleeve is frangible, 
30 26. The method of claim 22, wherein the conical sleeve is elastic. 
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27. The method of claim 22, wherein the conical sleeve conq>rises a plurality of 
arcuate elements. 



28. The method of claim 22, wherein plastically deforming and radially expanding 
5 the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using 
an inflatable bladder. 

29. The method of claim 22, wherein plasticaUy defonning and radially expanding 
10 the first portion of the first tubular member con?>rises: 

applying a radial force to the first portion of flie first tubular member using a 
roller expansion device. 
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30. The method of claim 22, further con?>rising: 

injecting an annular body of a hardenable fluidic seahng material into an 
annulus between the first tubular member and the wellbore. 

3 1 . The method of claim 30, fiirther comprising: 

curing the annular body of hardenable fluidic sealing material. 

32. The method of claim 22, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 



25 33. Thft mftfhnH rtf /»1ow ■ao ^■^u. 



20 



curing the annular body of hardenable fluidic sealing material. 

34. A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODq and an original wall 
30 thickness to, comprising: 
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plastically defonrring and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 
5 positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
10 fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
15 equal to 16. 

35. A method of forming a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness to; 
20 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 

f 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
25 overlapping relation to the first portion of flie first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
30 wherein the inside diameters of the first and second tubular members after 

the plastic deformations and radial expansions are substantially equal; and 
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wherem fl,c ,.tio of ftc original outside diameter OD. of fte &st tubular 
meuAer to the original wall tiuctoess ^ of tie firs, tubular member is greater than or 



equal to 16. 



36. An apparatus, conq?rising: 

I'!!!""!' """"^ ^ """^ """"^r having a first 

remaining portion having a second 



portion having a first outside diameter and a 



10 



outside diameter; 

wherein the ratio of .he original ou«de diameter OD. of the first mbular 
member to the original wall Sickness Mf the fir« tubuW member is neater than or 



equal to 16. 
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37. An apparatus, comprising: 

^•'"^«=^'^''=ft™^»<i^adiallyexpandedfirsttubularmemberhavinga 
15 firs poruoo having a first outside diameter and a remaining por«on having a second 

outside diameter, and *«=tona 

;™y^fonnedandradiallyexpandedsecondn^^^^ 
to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular 
m^^tothe original wan thicloie.^ 



3^ The apparatus of claim 37, wherein «ie inside diameters of the fii^ and second 
tubular members are substantially equal. 
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39. 



A wellbore casing formed in a wellbore. conqmsing: 



30 



a ptasdcany deforced and radially expanded first mbular member having a 
^ pomon havmg a firs, outside diameter and a remaining portion having a selnd 
outeide diameter; and j>w.una 

to the first portion of the first tubular member; 
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wherein the ratio of the origin^ outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

5 40. The casing of claim 39, wherein flie inside diameters of the first and second 
tubular members are substantially equal. 
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1 . An apparatus for plastically deforming and radially expanding a tubular 
member, conqjrising: 

means for plastically deforming and radially expanding a first portion of the 
5 tubular membCT to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameta:. 

2. The apparatus of claim 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

3 . The apparatus of claim 1 , wherein the means for plastically deforming and 
radiaUy expanding the first portion of the tubular member to the first outside 
diameter is removable. 

4. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is fi^gible. 

5. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is elastic. 

6. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first oortion of the tubular mftTTilv»r 
diameter comprises means for applying a radial force to the first portion of the 
tubular member. 

7. The apparatus of claim 1 , wherein the means for plasticaUy deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. 
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8. The apparatus of claim 1, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter includes rolling means for applying radial pressure to the first portion of 

5 Ae tubular member. 

9. An apparatus for plastically defomiing and radially expanding a tubular 
member, comprising: 

a tubular support member including a first fluid passage; 
10 an expansion cone coupled to the tubular support member having a second 

fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
1 5 portion of the tubular member; and 

a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

10. The apparatus of claim 9, wherein the conical sleeve is fi-angible. 

20 

1 1 . The apparatus of claim .9, wherein the conical sleeve is elastic. 

12. The apparatus of claim 9, wherein the conical sleeve con5)rises a plurality of 
arcuate elements. 

25 

13. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter; and 
30 plastically deforming and radially expanding another portion of the tubular 

member to a second outside diameter. 
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14. Tlie method of claim 13, wherein the first diameter is greater than the second 
diameter. 



5 15. The method of claim 13, wherein plasticaUy deforming and radiaUy expanding 
the portion of the tubular member conq)rises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 



10 16. TTie method of claim 15, wherein the conical sleeve is frangible. 

17. The method of claim 15, wherein the conical sleeve is elastic. 

1 8. The method of claim 15. wherein the conical sleeve conqjrises a plurality of 
15 arcuate elements. 

19. The method of claim 13. wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
20 bladder. 

20. The method of claim 13. wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 



2 1 . A method of coupling a first tubular member to a second tubular member, 

comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
30 member to a first outside diameter; 
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plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 
5 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
1 0 plastic deformations and radial expansions are substantially equal. 

22. The method of claim 2 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

5 23 . The method of claim 2 1 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

24. The method of claim 23, wherein the conical sleeve is frangible. 

25. The method of claim 23, wherein the conical sleeve is elastic. 

26. The method of claim 23, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of claim 2 1 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 
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28. The method of claim 21. wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller e>q)ansion device. 

29. An apparatus for coupling a first tubular member to a second tubular member. 

conqjrising: 

means for plasticaUy deforming and radially expanding a first portion of the 
first tubular member to a first outside diameter, 

means for plastically defonning and radiaUy expanding another portion of the 
first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member; 
means for plastically deforming and radially expanding the second tubul'ar 
1 5 member to a third outside diameter; and 

means for plasticaUy deforming and radiaUy expanding the second tubular 
member to a fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



10 
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30. The apparatus of claim 29, wherein the first outside diameter is greater than 
the second outside diameter. 



31. The apparatus of claim 29. wherein the means for plastically deforming and 
25 radiaUv exDandin? the first nnrHnn nfth^ fi„t h.K„w .- 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 
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32. The apparatus of claim 31, wherein the conical sleeve is frangible 

33. The apparatus of claim 3 1 , wherein the conical sleeve is elastic. 
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34. The apparatus of claim 3 1 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of claim 29, wherein the means for plastically deforming and 
radiaUy expanding the first portion of the first tobular member comprises; 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 

36. The apparatus of claim 29, wherein flie means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

37. An apparatus for forming a wellbore casing wifliin a wellbore, comprising: 
means for siqiporting a tubular member within the wellbore; 

means for plastically defonning and radially expanding a first portion of flie 
tubular member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter. 

38. The apparatus of claim 37, wherein the first outside diameter is greater tiian 
the second outside diameter. 

39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is fitingible. 

81 



41. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expandmg the first portion of the tubular member to the first outside 
diameter is elastic. 

42. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter comprises means for applying a radial force to the first portion of the 
tubular member. 

43. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the fiarst outside 
diameter is inflatable. 

44. The apparatus of claim 37, wherein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside 
diametCT comprises rolling means for applying radial pressure to the first portion of 
the tubular member. 

45. The apparatus of claim 37, fiirther comprising: 

means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular member and the wellbore. 

46. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid Da.«isa&e: 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member; and 
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a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 



47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

5 

48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

50. A method of forming a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter; and 
1 5 plastically deforming and radially expanding another portion of the tubular 

member to a second outside diameter. 

5 1 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

20 

52. The method of claim 50, wherein plastically deforming and radially expanding 
tiie portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

25 

53. The method of claim 50, wherein the conical sleeve is frangible. 

54. The method of claim 50, wherein the conical sleeve is elastic. 

30 55. The method of claim 50, wherein the conical sleeve con5)rises a plurality of 
arcuate elements. 
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56. The meftod of claim 50, wherein plastically defonning and radially expanding 

the portion of the tubular member comprises: 

applying a radial force to the portion of the Mbular member using an inflatable 
bladder. 



57. TTemeftod °f claim 50. wherein plastically defomnng and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of (he tiibular member usmg a roDer 

10 expansion device. 



58. The method of claim 50, further conqjrising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wellbore. 



15 



59. The method ofclaim 58, further conprising: 

curing the annular body of hardenable fluidic sealing material. 

60. Amethodofformingamono-diameterweUborecasingwithinawellbore 
20 conprising: ' 

* ixiber 

wiftin the wellbore: 
plasticaUy deforming and radially expanding a firs, portion of the fi,^ mbular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the fc, 
25 tubular member to a second outside diamMer- 

positioning the second »,bular member inside the first tubular member in 
overhwing relation to the first portion of the fira tubular member 

■"-ti^Dy'eformingandradiallyexpandmgfl.eseoondmbu'larmember.oa 
third outside diameter, and 

plastically defonning and radiaUy expanding 4e second tubular member ,. a 
fourth outside diametei^ 



30 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

61 . The method of claim 60, wherein the first outside diameter is greater than the 
second outside diameter. 

62. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the portion of die tubular member using a conical 
sleeve. 

63. The method of claim 62, wherein the conical sleeve is fi-angible. 

64. The mediod of claim 62, wherein the conical sleeve is elastic. 

65. The method of claim 62, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

66. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

67. The mettiod of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

68. The method of claim 60, further con5)Tising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annuliis between the first tubular member and the wellbore. 
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69. The method of claim 68, further comprismg: 

curing the annular body of hardenable fluidic sealing material. 

5 70. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 

7 1 . The method of claim 70, furflier conq>rising: 

1 0 curing the annular body of hardenable fluidic sealing material. 

72. An apparatus for coupling a first tubular member to a second tubular member, 

comprising: 

means for plasticaUy deforming and radially expanding a first portion of the 
1 5 first tubular member to a Grst outside diameter, 

means for plasticaUy deforming and radially expanding another portion of the 
first tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular 
member in overiapping relation to the first portion of the first tubular member; 
20 means for plastically deforming and radially expanding the second tubular 

member to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular 
meniber to a fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 

73. The apparatus of claim 72, wherein the first outside diameter is greater than 
the second outside diameter. 

30 74. The apparatus ofclaim 72, wherein the means for plastically defonning and 
radiaUy expanding the first portion of the first tubular member comprises: 
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means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

75. The apparatus of claim 74, wherein the conical sleeve is frangible. 

5 

76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. The apparatus of claim 74, wherein the conical sleeve con^^rises a plurality of 
arcuate elements. 

78. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 

79. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of fee first tubular member comprises: 

means for applying a radial force to the first portion of fee first tubular 
member using a roller expansion device. 

80. The apparatus of claim 72, fiirther con^rising: 
means for injecting an annular body of a hardenable fluidic sealing material 

into an annulus between fee first tubular member and the wellbore. 

25 81. The apparatus of claim 80, fiirther comprising: 

means for curing fee annular body of hardenable fluidic sealing material. 

82. The apparatus of claim 72, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material 
30 into an annulus between fee second tubular member and fee wellbore. 
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83. The apparatus of claim 82, further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically deforming and radially expanding a tubular 
5 member, comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

0 85. An apparatus for plastically deforming and radially expanding a tubular 
member, conq>rising: 

a tubular support membCT including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 
an annular expansion cone laimcher coniprising: 

a first annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates with 
the outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less tiian the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular 
member. 
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87. A method of coxqjling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member; 
5 plastically deforming and radially expanding another portion of the first 

tubular member; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 
1 0 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular meniber, 
con^rising: 

1 5 means for providing a lipped portion in fee first tubular member; 

means for plastically deforming and radially expanding anofeer portion of the 
first tubular member; 

means for positioning fee second tubular member inside fee first tubular 
member in overlapping relation to fee lipped portion of fee first tubular member; 
20 and 

means for plastically deforming and radially expanding fee second tubular 
member; 

wherein fee inside diameters of fee first and second tubular members after fee 
plastic deformations and radial expansions are substantially equal. 

25 

89. An ^paratus for forming a wellbore casing within a wellbore, coii5)rising: 
means for supporting a tubular member within fee wellbore; 
means for providing a hpped portion in fee tubular meniber; and 
means for plastically deforming and radially expanding anofeer portion of fee 
JO tubular member to a second outside diameter. 



89 



90. An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

an aimular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 

a second aimular portion coupled to the first annular portion that mates with 
the outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

91. A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 

providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular 
member. 

92. The method of claim 9 1 , fiirther con^jrising: 

injecting a hardenable fluidic sealing material in an annulus between the 
tubular member and the wellbore. 

93. The me&od of claim 92, fiarther con^rising: 
curing the fluidic sealing material. 

94. A method of forming a mono-diameter wellbore casing within a wellbore, 
con^rising: 
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supporting a first tubular member within the wellbore; 
providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first 
tubular member; 

5 positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

10 

95. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the first 
tubular member and the wellbore. 

15 96. The method of claim 95, fiirther comprising: 
curing the fluidic sealing material. 

97. The method of claim 94, fiirther comprising: 

injecting a hardenable fluidic sealing material in an annulus between the 
20 second tubular member and the wellbore. 

98. The method of claim 97, further comprising: 
curing the fluidic sealing material. 

25 99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

means for providing a lipped in the first tubular member; 
means for plastically deforming and radially expanding another portion of the 
first tubular member; 
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meaas for positioning the second tabular member inside .he first tubular 
member in overlapping relation to the lipped portion of the first tabular member- 



and 



means for plasticaUy defomdng ami radiaUy expanding the second tabukr 

5 member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal 



100. The apparatus of claim 99, further comprising: 

means for injecting a hardenable fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 



101 . The apparatus of claim 100, further comprising: 
means for curing the fluidic sealing material 

15 

102. The apparatus of claim 99. further comprising: 

means for injecting a hardenable fluidic sealing material in an annulus between 
the second tubular member and the wellbore. 

20 103. The apparatus of claim 102, further comprising: 
means for curing the fluidic sealing material. 

104. An apparatus forplasticallydeformingandradiaUyexpandingatubular 

member, conprising: 

tubular member; and 



means forpiasticaUydef«mingandradiallyexpand,ngasecond end Of the 
tubular member. 



30 105. The apparatus of claim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 
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106. An apparatus for plastically deforming and radially expanding a tubular 
member, conqjrising: 

a tubular support member including a first passage; 
an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 

20 expand a second end of the expandable tubular member. 

108. The apparatus ofclaim 106, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

25 

109. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a first end of the tubular member; 

and 

JO plastically defomiing and radially expanding a second end of the tubular 

member. 
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no. The method of claim 109, fiirther comprising: 

anchoring the tubular member during the radial expansion. 

5 1 11. The method of claim 109, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 

1 12. The method of claim 109, plastically deforming and radially expanding the 
second end of the tubular member con5,rises injecting a fluidic material into the 

10 tubular member, 

1 13. A method of coupling a first tubular member to a second tubular member, 
corrq>rising; 

positioning the second tubular member inside the first tubular member in an 
15 overiapping relationship; 

plastically deforming and radially expanding the end of the second tubular 
member that overlaps with the first tubular member; 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

20 

1 14. The method of claim 113, ftirtfaer comprising: 

plasticaUy deforming and radially expanding at least a portion of the second 
tubular member. 



25 1 15. The method of claim 1 14 wh^r/^m th 

. expansions 



tubular members are substantiaUy equal after the radial 



116. An for coupling a firs, mbular member ,o a «co„d mbular member 

comprising: ' 

30 means for positioning the second tubular member inside the first tubular 

member m an overiapping relationship; 
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means for plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member; 

means for plastically deforming and radially expanding the remaining portion 
of the second tubular member. 

117. The apparatus of claim 116, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

118. The apparatus of claim 1 1 7, wherein the inside diameters of the first and 
second tubular members are substantially equal after the radial expansions. 

1 19. An apparatus for forming a wellbore casing within a wellbore, con5)rising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first end of the 
tubular member; and 

means for plastically deforming and radially expanding a second end of the 
tubular member. 

120. The apparatus of claim 1 19, further con^rising: 

means for anchoring the tubular member during the radial expansion. 

121. The apparatus of claim 1 1 9, further conqmsing: 

means for mjecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

122. An apparatus for forming a wellbore casing within a wellbore, conqnising: 
a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to the first passage and an outer conical surface; 
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an anniolar expansion cone launcher movably coiq)led to outer conical surface 
of flie expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
cone launcher; 

5 a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular siq)port 
member; 

wherein the annular expansion cones are positioned in opposite orientations. 

10 

123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 
plasticaUy deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the e;q)andable tubular member. 

15 

124. The apparatus of claim 122, further conqmsing: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

20 1 25. A method of forming a wellbore casing within a wellbore, comprising: 

plastically deforming and radially expanding a first end of the tubular member- 

and 

plastically deforming and radially expanding a second end of the tubular 
member. 

25 

126. The method of claim 125, further coiiq)rising: 
anchoring the tubular member during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is 
30 plasticaUy deformed and radiaUy expanded before the second end. 
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128. The method of claim 125, plastically deforming and radially expanding the 
second end of the tubular member comprises injecting a fluidic material into the 
tubular member. 

5 129. The method of claim 125, fiirther comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 

130. A method of forming a wellbore casing within a wellbore, comprising: 
plastically deforming and radially expanding a first tubular member within the 

wellbore; 

positioning a second tubular member inside tiie first tubular member in an 
overlapping relationship; 

plastically defomiing and radially expanding the end of the second tubular 
member that overlaps with the first tubular member, 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

131. The method of claim 130, fiirfher comprising: 

20 plastically deforming and radially expanding at least a portion of the second 

tubular member. 

132. The method of claim 131, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

25 

133. The method ofclaim 130, further conq)rising: 

injecting a hardenable fluidic sealing material into an annulus between tiie first 
tubular member and the wellbore. 

30 134. The method ofclaim 130, further comprising: 

97 



aCSDOCtD- <GB. 



.2399848A_L> 



injecting a hardenable fluidic sealing material into an annulus between 
second tubular member and the wellbore. 



10 
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135. An apparatus for forming a weUbore casing within a wellbore, comprising- 
■ means for plasticaUy defonning and radially expanding a first tubular member 

withm fee wellbore; 

means for positioning the second tubular member inside the first tubular 
member m an overiapping relationship; 

means for plastically defonning and radially expanding fee end of fee second 
tubular member that overlaps wife fee first tubular memben 

means for plastically defonning and radially expanding fee remaining portion 
of fee second tubular member. 

136. The apparatus of claim 135, fiirfeer comprising: 

means forplasticaUy defonning andradially expanding at leastaportion of fee 

second tubular member. 

137. The apparatus of claim 136. wherein fee inside diameters of fee first and 
second tubular members are substantially equal after fee radial expansions. 

138. The apparatus of claim 135. further conqjrising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between fee first tubular member and fee weUbore. 

25 139. The aooaratus of claim 1 ^'i fi,rthpr r^r^r^-oW 

means for injecting a hardenable fluidic ^Ung material into an annulus 
between fee second tubular member and fee weUbore. 

140. ^apparatusforbridginganaxialgapbetweenopposingpairsofweU^^^ 
30 casmg withm a weUbore, comprising: 



20 
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means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings; 

means for plastically deforming and radially expanding the tubular member, 

and 

5 means for plastically deforming and radially expanding the tubular member 

and flie opposing ends of the wellbore casings. 

141. A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

1 0 supporting a tubular member in overlapping relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

15 

142. A method of forming a structure having desired strength characteristics, 
coniprising: 

providing a first tubular member; and 

plastically deforming and radially expanding additional tubular members onto 
20 the interior surface of the first tubular member until tihe desired strength 
characteristics are achieved. 

143. A method of forming a wellbore casing within a wellbore having desired 
strength characteristics, comprising: 

25 plastically deforming and radially expanding a first tubular member within the 

wellbore; and 

plastically deformiog and radially expanding additional tubular members onto 
the interior surface of flie first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular member to a second tubiilar member, the 
first tubular member having an original outside diameter OD© and an original wall 
thickness to, conqirising: 

plastically deforming and radially expanding a first portion of the fiarst tubular 
5 member to a first outside diameter^ 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
1 0 plastically deforming and radially expanding the second mbular member to a 

third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after fhe 
1 5 plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

20 145. A method of forming a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness to; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 
25 plastically defwrninB and radially expandin p anothRr pnrtinn nf rti<» firct 

tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 
30 third outside diameter; and 
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plastically defomiiBg and radially expanding tiie second tubular member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than oi 
equal to 16. 

146. An apparatus, comprising: 
a plastically deformed and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion having a second 
outside diameter; 

wherein flie ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

147. An apparatus, conqjrising: 
a plastically deformed and radially expanded first tubular member having a 

first portion having a first outside diameter and a remaining portion having a second 
outside diameter; and 

a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
25 equal to 16. 

148. The apparatus of claim 147, wherein the inside diameters of the first and 
second tubular members are substantially equal. 

30 149. A wellbore casing formed in a wellbore, conqjrising: 
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a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter; and 

a plastically deformed and radially expanded second tubular member coupled 
5 to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 



10 150. The casing of claim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. 



151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member; 
15 wherein the ratio of the original outside diameter ODq of the tubular member 

to the original wall thickness t© of the tubular member is greater than or equal to 1 6. 
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